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A PROCESS FOR THE IN SITU EXTRACTION OF OIL FROM SHALE BEDS AND 



The present invention refers to a way of extracting oil from 
shale rock and similar beds in situ by means of channels which cut 
through the shale strata, are supplied with heat for the heating 
of the shale bed, and which are separated from the outlet boreholes 
formed in the shale by means of shale rock sections in between. 
The object of the invention is to achieve an improvement of this 
established procedure, in particular with regard to the quality 
and composition of the extracted products, which is essentially 
obtained by embedding heating elements which are preferably heated 
electrically, in heating boreholes, and which have smaller cross 
sections than the cross sections of the boreholes and by introducing 
into the interspace between the channel wall and the heating element 
thus obtained a filling that transfers heat from the heating element 
and the shale and simultaneously counteracts or prevents, respec- 
tively, a flow of the oil products gasified from the shale in the 
direction towards and along trte heating element. 
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The invention will be more thoroughly described below with 
reference to the modes of implementation as shown in examples 
illustrated in the enclosed figure, and other accompanying charac- 
teristics of the invention which will also be discussed. 

Figure 1 illustrates a section through a part of shale bed, 
in which the arrangement of a heating element installed according 
to the invention for the accomplishment of the process is shown. 
A vertical section through a rock formation according to a modified 
design is shown in Figure 2, and a flat view of this latter design 
is in Figure 3. 

In a shale bed, 2, vertical channels, £ in Figure 1 and £ in 
Figures 2 and 3, are drilled, in which heating elements are embedded. 
These can consist of coiled pipe 4£ according to Figure 1, equipped 
with inlet 3_2 and outlet 3jS for a hot medium, gas or steam, which 
then remains separated from the surroundings during its passage 
through the coiled pipe 4_4. The pipe £4 can in addition be designed 
as an electrical resistor and function both for the fluid conduction 
of the medium mentioned and for the development of heat accompanying 
an electric current. With the design according to Figure 2 an 
electric heating element 1_7 is used. After the heating element 
has been inserted the channels are filled with backing sand a 
maleable substance, respectively, such as cement, clay or other 
suitable filler. The channels can be closed at the upper ends by 
collars ^21, 2£ which must necessarily be cemented into the rock 
foundation. On top of the shale bed £ there is often an overlying 
stratum of lime £7 (Figure 2) with a thickness of several meters. 
Then the electrical resistance is only active within that portion 
of hole 9_, which is surrounded by the oil-bearing shale. In other 
words, the -electric current at the level of the lime layer is con- 
ducted through low resistance wires and therefore thermoelectric 
heat is not developed here to an appreciable extent. 

Besides the channels mentioned above, exhaust holes 8 according 
to Figures 2 and 3 are made in the shale bed, through which the 
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products formed during the dry distillation [carbonization] are 
evacuated, and which consequently do not contain any heating ele- 
ment. These exhaust holes 8, which are sealed from the limestone 
at the top by collar 27, are connected through ducts 52 to a con- 
denser which is best cooled by either air or cooling water. 

At the surface expanse of the shale bed, channels 9 and 8, 
respectively, are arranged in such a way, as exemplified in Figure 
3, that a heat-supplying channel 9 is surrounded by a number of 
exhaust holes 8. It is particularly advantageous to carry out the 
heating of the shale bed so that a wave of heat is transmitted 
horizontally through the shale bed, for example in the direction 
from the line of holes £0 in Figure 3 towards the line of holes 
41 through a successive connection of the heating elements. 
"When this heat wave in part of the shale bed reaches a temperature 
of about 300°C, or prior to this, the shale begins to release 
combustible gases which in part are condensable and in part not 
condensable and which are conveyed to a condenser, common to a 
plurality of channels 8 which separates the former from the latter." 
The incondensable gases can be used, for example, for the preheating 
and heating, respectively, of a new zone of the shale bed with an 
arrangement as depicted in Figure 1. The duration of the degasi- 
fication periods may be adjusted to the desired degree, by such 
variables as the distance between the holes, which can be, for 
example, 1/2 to 2 meters. The maximum temperature of the mentioned 
heat wave can amount to approximately 500°. 

The hydrocarbons formed during the distillation process in 
the shale rock include condensable products from the lighest 
petroleum [gasoline] to the heaviest oil. Because the heating 
channels according to the invention are filled, the result is that 
the hydrocarbons are driven in the direction of the outlet channels 
8, and thus away from the hot heating elements. Otherwise, of 
course, the hydrocarbons would find their way to these elements 
to a large extent, especially in the lower part of the shale layer 
because of the high rock pressure prevailing there. The extraordinary 



advantage is thus gained that an unwanted cracking of the oil pro- 
ducts is essentially avoided. The heating method according to the 
invention ther fore allows recovery of a considerably greater 
percentage of high-grade gasoline products than with presently 
familiar methods. 

While a shale bed section is being supplied with heat, an 
expansion of the shale sets in, at least in the beginning, in the 
longitudinal direction of the heat supply channels, and thus in 
such a direction as to cross the shale layers. If a number of such 
channels are simultaneously heated then these create within the 
shale mass static pillars of heat with a greater height than that 
of the colder shale mass located in between them. This shale mass 
therefore becomes affected by forces directed in a vertical direc- 
tion, the effect of which is to separate the different strata of 
shale from one another, so that the combined vertical displacement 
of these plus the gaps formed between the strata of shale approach 
a configuration that corresponds to the shale layer at its highest 
temperature around the heated channels. In a cross section the shale 
layer assumes the appearance shown schematically in Figure 2 On 
the other hand the shale layer within zones 54 limited by the dotted 
lines 53 in Figure 3 of the shale mass shows a falling temperature 
-rem the holes 9 to the holes 8, and within the resulting temperature 
differences the degasif ication can be considered to continue at 
different temperatures, for example from 300' to 500« . a certain 
molecule which is released from the shale mass at point 39 during 
the dry distillation process will on its way from this point to the 
outlet hole 8 pass through temperature zones of lower temperatures 
than that existing at point 39. 

The pipe system shown in' Figure 1 can be used for different 
heating purposes by allowing the existing channel in a previously 

mlTo 6 2 ° ne ° f ^ Sh3le ^ t0 C ° ndUCt 3 »«" -tr.« b 

w e"::: d aid °: the ground - Air> water - ~ ---^ 

stele Zl " Pr ° CeSS th6n be l6d t0 a 1 in a 

hie bed zone where the oil extraction is to be started or is 
already m progress. 
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After the rock mass has been degassed, it wholly or partially 
consists of what is called shale coke, which indicates that after 
the gases are driven off, combustible carbon remains in the shale. 
According to the invention the rock mass can be ignited before or 
after cooling and the residual shale coke can be oxidized to shale 
ashes by introducing combustion air to the existing channel system. 
A very slow combustion that persists for several years can in this 
manner remain in progress, and the heat thereby generated can be 
utilized for various purposes, such as the heating of shale rock 
and hot water for homes, steam production, cultivation of plants, 
etc. According to the invention the cultivation of plants can also 
be carried out directly on the shale rock and in this way utilize 
the heat stored in the rock for a great many years. 

Patent claims ; 

1. A process for in situ recovery of oil from shale beds and 
similar rock layers by means of channels that penetrate the shale 
strata, and are supplied with heat for the heating of the shale 
mass and which are separated from the exhaust holes formed in the 
shale by means of shale bed sections in between, characterized by 
heating elements being embedded in the heating channels, which are 
preferably heated electrically, and which have smaller cross sections 
than the cross sections of these channels, such that the interspace 
thus obtained between the channel wall and the heating element may 

be provided with backing sand that transfers heat from the heating 
element to the shale and simultaneously counteracts or prevents, 
respectively, the flow of oil products gasified from the shale in 
the direction towards and along the heating elements. 

2. A process according to claim 1, characterized by the inter- 
space being filled with a cast compound. 

3. A process according to claims 1 or 2, characterized by 

the fact that a heating element in the form of a pipeline is brought 
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down into the heating channels, and the inner part of the pipeline, 
through which is led a hot medium, is entirely separated from the 
channel and that the heat supply to the pipeline is also produced 
electrically. 

4. A process according to one of the previous claims , char- 
acterized by the fact that the channel system made in the shale 
bed is utilized for regenerative heating of the rock mass in which 
channels in a previously degassed hot zone of the shale bed are 
connected with pipelines over the ground and are allowed to conduct 
a medium which is heated in this zone, and also characterized by 
the fact that channels in an untreated zone of the shale rock are 
directly or indirectly supplied with energy utilized in this manner 
from the previously mentioned zone. 

5. A process according to one of the previous claims, char- 
acterized by the shale coke remaining in the shale rock after the 
degasif ication is combusted to produce shale ashes by introducing 
air into the available system of channels. 
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airier. 1 > i i iiiiiiiinl.i viii nnv li^ciiN maximi- 
tciuprralur kan uj»|»-;i till mnki ini; aim 

J)e vi<l dosl iimsprueessrn i sk il I ei her- 
i^et hddade knlvalenn ninfalla ki ■ ndensei hnra 
prnduklcr Iran den lallaslc heiisinen till don 
lyn-sla nljnh. ( ii-it* mi all u |»|»\ :i ruin in -skann- 
lerna nu enlist nppfinnin^en iiru ii;rufyUda 
i'rnas. all kolviitenn Tin as i nklnini; imd av- 
h.ppskanalerna H. d. v. s. hml Li ;m de hela 
nppv iirninin^solementen. Kljosl sknlle nam- 
li»en kolvalena i slur nisi rack uin- soka sill 
v;ii< Ull dessa element, speeielll i den nedre 
defen av skiflerla^rel till Wdjd av del dar 
radande it'i K a U r-t rvvkel . Man vinner salnn- 
t |a .It-it iil*.iii..riU*iillii;a li.rdelrii. all en nkr 
uiinUxui-.I spaltn..^ idler kraeknin;; av nip- 
pn.dnklerna vasenlh:;en iindvikes. I ppvar.n- 
lUiiL'MiuM.Mlrn enlist «p|il'inMin^'» nud-iver 
ilarior on nl\ inning av pi menl net It vasnd- 
li-l mera Im^vardi^a bensinpmduk ler an 
\ul hdlills kanda meludcr. 

I luhr \ai •iiii'liinTirsrlii till ell skilferhn-- 
inlra.l.T alminshmc till all I »* * t j it u.ed 
til nlviiknini; av skiflern i var mel till orsel k a- 
naln mis lan-driktnin^. vilken korsar skilfer- 
la-ren. Om Al anlal dylika kanalrr samudi^l 
bl'fva ioremal fin n pp v a r m n in-, hilcla dessa 
inont skifl'ei massnn slarnde vai niepedare nu tl 
stone ln>idmnll :in 'lui nudiaii desamma be- 
lii^na kail a re M; il I ermassan. Henna skit lei - 
,,usv.i Mir tlarlnr paverkad av i verlikahikl- 
ninp'n i;aende kiafler, sum slriiva all skilja 
df nlika skillerlai;rni Iran \arainlra. sa all 
drssas sammanta-da vcrlikala mall jiUis im-l- 
lan skiU'ei la^i on nppkunma spallei na nai- 
mar si^ del. sum iimlsvarar skiffnla-irl vid 
dess hn^sla temporalnr krinj; de nppvarmda 
kanaleina. Sl< il I I't la^rct far i srktioii oil ul- 
socndo, sttm s» licmalisUt visas i tii;. 2. A aud- 
i :i swlan nppvisar > U if! i-rlai;i i-l in..ni dr uird 
shi-cKailf InijiTiia ">.'l lir-ransadr /onrrna 
i fi- .1 av skiflVnnassaii on fallandc Innpr- 
talur I'rAn liak-n il till halcn S. uvh kan iiimn 
tic darxid f.irt Ucimnandr Inn p*;ral uitlill vrru- 
si-rna :i\ _;a^i.iiiL;vii lankas lurl^a \id idika 
U-niprraliirrr I. rx. Iran 'MM ■ till .Mill \ \it\ 
vrs iin.li'U\l m.i.i vid punklrn M) nndvr htrr- 
(Ir^i illaliun spi (Hcssi-n fri^mcs nr skiflcrmas- 
s;ni. kntiiiiirr pa ^in vat; Iran <!cnn:i punkl till 
a\ !i.p|»sli:Mi*l K pasMM a U'inprral u r/uni'r, 

Norn alia uppvi-sa lii^rc trmprralur an tUii. 
sum rxisU'rar viil ptinUUii - 1 -* - 

Di'l i fif*. t visadr U'd n in^ssyslvnu-t kan 
anviimlas for uhUa iippv;irinnin^s;inil;intak 
^riKini all c\\ i cw redan av^asad lu*l zmt a\ 
skiffiTlirr^rt lu'l inllii; kanal lirint-as k*-'" 1 ' 111 
(ivrr jurd lai;da Icdnin^a'r all ^t'n<nuslrt»inmas 
av ctl fluidum. I. c\. lull, valtrn idler an^a. 
stun liiirnndfr nppvarinrs orli sedan t. ex. le- 
des till en kanal i en sk ifferhei ^ztm, diir olje- 
ulvinninjj; skall inleilas resp. pa^ar. 

Sednn her^inassiui av^asals, hestar den hcjt 
rllpr dedvis ;r\' s. k. sk ifferknks. d. v. s. i^user- 
tva am usdrixna, men ltr:mnl>iirt .kol finite^ 



annn k\ai i sl.ilfeiu. luili^l u p pli n it in u^n kan 
liei flints -sa it Imt* tdlei ellei :t \ n \ a I n i 1 1 l; an- 
lamla^ <m Ii sk it 1 1 rk td< sen i tit nsainma lVn - 
hriinnas till sk il lei ask.i, ^eimm inltnainle a\ 
fiirbraiinin^slii 1 1 i did fot'id int I i-a k.malsy- 
sleuu I I a i inyekel lan^sam. iiiniri mait^a ar 
pa.^aciule I ut lu iinnin- kan pa didla salt fort- 
<m!i dtd d.dvui dililatle \ariiud ulnvltjas 
for ulika audaiital. sasuin u pp\ ar inning u\ 
.sk i I In lirr-. \ai nt\allen till Im.sl ;idei *. . . ani;- 
alsliin-. \a\l'Hllin^ r d. \'a\l(idl in- kan awn 
enlist tippfinniii^i it ined fordel aitln in-as di- 
lekl pa sk if ferlier^el . sum pa sa siill under 
en IAn^ f<»ljd av ar kan I itl;;*Mlc-t.i a si^; dt I i 
lK*i -et maj;asinei a*le \armet. 

Palantan«»pr4k : 

1. Sail alt al\iuna ulja ur skiflril.i t - t.eli 
dylikl in mIii mrdel>t sk if \\ i ii-n it skmandi- 
k'inaki, vilka lillloras \aime l-n npp\arm- 
nini; a\ \k if In m.issaii <»eli \ilka a''» skilcla 

I i an . -.v «. . n it •< i '.til.- a'-. . 

dels! mrlianii::uande parlier a\ sk it ! ei l»n ! . 
kanmteekual daia\, alt i u pp \ ;t nu n i n ^ K a - 
nalerna nedfi ras \ arnieelenien I . \i'ka fi#re- 
hadis\is npji\aimaN pa elrktiisk ^a^. 
vilka h.iv.i «aindre I \ ai si kl "n »iis.» i wi an dessa 
kanakas I v.n ^» kl i-tisarea m'li atl i did sa ef- 
liailtti in. * I :i 1 1 1 iinniH I imilau k a< ia : 4 :i^-e! s 
dill x ai met U-i it. n I el anl»riii-. t a s **n IvHmassa 
s<uii loriiudkii \ a i met .\ i a '^.m.; itj.Mali \iimh- 
elniienlel <m li skilfnai "di mi ! i;l i I itadve:- 
!var resp. ).n Inndi at si t . n n i n u; av di~ Hi 

skifUan lut^iN.na » il j ept ud n 1. 1 e in a i liUi!'!!. 
mid itidi laii^s ut.tird v aruK e !em<- ■• ! e 1 

2, Sail enlt^l palenl alispi a!*el i. k a > i ; i .■ : e. k 
nal daiav. all i nit Ham u linnet ilxiles in ^jnl- 
liar Ivllniassa 

Sail enlist (.aleiil alispi ake( I e'k -r '.*. ka;«- 
mdeiknal daiav. all man i nppv.u'nmin-s 
kanalnna in ill.** v ai meelemeti I i t^'ii! a\ en 
rolled 1 1 it i vai's ime ai hell av^kdl rian I..:- 
iialen hi h ;;ricin \llkeli ledes ell )n !t ine- 

I I i ti 1 1 1 . vaijande vai imd illf*»i sel til! '..tied- 
utliLeii avni -kn |.a ideklrisU vai;. 

-I. Sail enli^l na^i.l av de Ime^a'-ink |,. ; - 
tenlanspt aixiai. k a inul n k nal darav. at! 
I sk 1 1 1 ei I hi -el ii|ipla-na I»analsvs'. nut t'l- 
nvltjas Im ieL;eiuiat)\ nppviiriumni; av hei :;• 
niassaii _-eii<mi alt kanaka" i ni ledan a.;,a- 
sad hid /j'li a\ sU il In hel met fui I'indas an d 
lednin-ar ..vrr j*«rtl ueh hrin^as \\\ ^ennin- 
strnmiiias av ell medium, sni!! nnnvainies ;«\ 
denna /mil >h Ii ail kanater i eu n!»i haudlad 
/on av skit ferher-rl din kl idler iuditekl lil!- 
lmas nr ihn i»a si uaiuiula /micji pa della sal' 
I illvai ala.m ii em-r^i. 

j. Sail enlist nai;id av dr f i.re^aena h: pa- 
lentaiispi akeii. kanneleekn.al d;trav, at'. i 
skiflerlier^el eller av^asnin^en kvarvarande 
Kkit'ferknks J » ji hrauncs till skiffcraska -enuin 
il^foraiidc av hill i de! fuihandcn v aiaude ka- 
nalnyslemel. 



Till Patenter N:o 1 2 I 
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Swedish specification 121 '()'( 

Translation: page 1. second column, , 3rd paragraph 
lines 10-1?. 



"When this heat wave in part of the shale tuck roaches a tern^ra- 
ture of about J>0O°C, or prior to thit,, t*;e snaie L-otir.t; to o ;ve 
off comUistihle gases which in part are ..-ondun^Lle an«j in part : 
condensable and which are conveyed to a conJensor common to a pli 
rality of channels which condenser separates the former from the 
latter. " 



